The general-purpose laryngeal mask airway (LMA) is re-usable when undamaged, and cleaned and autoclaved correctly. We had found weakening of the silicone adhesive that bonds the connector of the LMA to the tube. We report that repeated autoclaving damaged the adhesive such that the connector could be rotated in the tube after the 12th autoclave cycle in almost all of the LMA tested. The damage to the adhesive did not affect the airtightness of the junction, which appears to be maintained by the material properties of the connector and tube and by the shape of the join. (Br.
The LMA has gained worldwide acceptance as a re-usable general purpose airway. 1 To determine the safety of the mask for re-use after cleaning and autoclaving, the anaesthetist must confirm the integrity of various parts of the mask in each of seven steps suggested by the manufacturer. The pass criterion of test 7, the focus of our study, is that the connector continues to "fit tightly into the outer end of the breathing tube and it should not be possible to pull it off". 2 To decide if a mask should be used, one should probably read the instruction as "pull it straight out," for reasons that are set forth in this article.
The mask is delivered unsterilized with the connector bonded to the tube by a silicone adhesive. After Zavattaro's letter on LMA failure, 3 we followed his recommendation to twist the tube of the LMA while examining masks for material softening to avoid accidental spiral tears of the tube. In doing so we noticed that, in some masks, even those autoclaved only a few times, the connector was no longer bonded to the tube, that is we could rotate the connector in the breathing tube and then twist the connector away from it. The adhesive bond between the connector and the tube seemed impaired by repeated autoclaving. Thus we designed two tests to determine how many autoclave cycles the adhesive bond would withstand and if impairment of the connector-tube adhesive bond reduces the airtightness of the LMA.
Materials and methods
We investigated 62 LMA taken from the original package. Six of the 62 could not be evaluated because twisting showed that the adhesive bond was already impaired and the connectors were detachable from the tube at the time the LMA were taken from the original package. The remaining 56 LMA were sterilized according to the instructions of the manufacturer 2 using a standard autoclave (Autoclav/ Sterilisator ODELGA MJS04 WA#9589; Fa. KMB-ODELGA, Vienna, Austria; 121ЊC, 20 min). We autoclaved each LMA 15 times. To simulate clinical use, each was autoclaved at intervals of at least 24 h. After each autoclave cycle, we performed the seven mandated tests.
To identify the point at which it becomes possible to rotate the connector in the tube, that is the point at which the adhesive bond has become impaired, we designed a mechanical test to exert a defined, reproducible torque on the connector-tube bond of the 56 LMA. A torque wrench pre-set to a maximum force of 1 Newton metre (Nm) (approximately the force that a pair of hands of normal strength could apply) was used to twist the connector 180Њ while the tube was held still. In the second test, the airtightness of the junction between the breathing tube and connector was determined by an immersion trial: the tube of the LMA was blocked, immersed in water and connected to the hospital's central oxygen supply for oxygen flow. The pressure at which the device leaked, that is the pressure at which bubbles were detected, was noted. As flow continued, the pressure measured in the system increased to 120 cm H 2 O.
Results
All evaluable 56 LMA passed tests 1-6 after each of the 15 autoclave cycles. With regard to test 7, it was not possible at any point in the autoclave cycle series to disconnect the connector from the tube by pulling it straight out. The torque wrench rotated the connector in the tube (i.e. rendered it detachable) in 52 of the 56 LMA (93%). All size 3 (n:18) and size 4 (n:14) LMA could be rotated after the third auto-EQUIPMENT clave cycle and all size 5 (n:13) LMA after the 12th autoclave cycle. The connectors could be rotated in seven of 11 paediatric size LMA (sizes 1-2.5) after the 14th autoclave cycle. In four other paediatric LMA, the connector-tube bond remained immovable even after 15 autoclave cycles (table 1) . When the adhesive had failed, that is where it was possible to rotate the connector, we were able to twist the connector out of the tube.
The junction between the connector and breathing tube remained airtight. No air leakage was detected up to a pressure of 120 cm H 2 O in any of the 56 LMA tested.
Discussion
We know of no reports in the literature of patient harm following separation of an LMA connector from the tube. Separation may occur and is mentioned in the manufacturer's manual. Our results clearly showed that most connectors become detachable after limited re-use of the mask and could be separated from the tube with a simple twisting motion. Anaesthetists need to be made aware of this, although loss of adhesion does not directly lead to detachment of the connector from the tube, and LMA with detachable connectors remain airtight. The continued tightness of fit is because of the shape of the connection and the materials of which the parts are made; however, these materials do not allow for a durable silicone-adhesive bond between the tube and connector, particularly in view of the temperatures associated with autoclaving (O. Seycek, Austrian Institute of Synthetics, Vienna, personal communication).
In different tracheal tubes, only the reinforced models have glued connectors similar to those of the new LMA. Standard tracheal tubes have a removable 15-mm connector which, in common with that of repeatedly autoclaved LMA, is not removable by pulling straight out, but is removable by twisting. Such tracheal tubes are often used with the patient in a prone or lateral position, or during ear, nose and throat surgery, when surgical drapes and the work of the surgeon make it more difficult for the anaesthetist to monitor continuously the integrity of the airway. Similarly, LMA prototypes were constructed from conventional 10-mm tracheal tubes 4 with a removable connector. During development and the preliminary trials of the LMA, neither loss of airtightness nor inadvertent disconnection attributable to the removable connector was reported.
We conclude that LMA are re-usable even with ineffective adhesive and even if the connector can be twisted out of the breathing tube, as long as it cannot be pulled straight out of the tube. This distinction is essential to the decision whether or not to discard or re-use a laryngeal mask airway. 2  5  4  18  14  13  1  2  5  3  13  12  13  2  2  5  3  8  3  13  3  1  5  3  0  0  13  4  0  5  3  13  5  5  3  12  6  4  2  5  7  4  2  3  8  3  2  2  9  3  2  1  10  3  2  1  11  3  2  1  12  3  2  0  13  3  2  14  3  2  15  3  1 
